The pallid sturgeon (Scaphirhynchus albus) evolved from an ancient group of bony fishes, the subclass Pal eopteryi i , which was dominant during the Paleozoic Era.
This group continued to flourish through the late Paleozoic and early Mesozoic, but most species became extinct sometime in the Mesozoic.
The livingdescendantsof this group in North America include paddlefish (Polyodontidae) , and eight species of sturgeon (Acipenseridae)
The North American species of sturgeon, in addition to the pallid sturgeon, are shovelnose sturgeon, Scaphirhynchus platorynchus (Rafinesque) ; white sturgeon, Acipenser transmontanus (Richardson); green sturgeon, Acipenser medirostris (Ayres); Atlantic sturgeon, Acipenser oxyrhynchus (Mitchill); shortnose sturgeon, Acipenser brevirostrum (Lesueur); and lake sturgeon. Acipenser fulvescens (Rafinesque).
An eighth species, the Alabama sturgeon, Scaphirhynchus suttkus (Williams) , was recently described from the Mobil Basin in Alabama and Mississippi (Williams and Clemmer 1991) . This is outside the range of the pallid sturgeon and is not included in further discussions of Scaphirhynchus species in this plan.
The pallid sturgeon was first described by S.A. Forbes and R.E. Richardson in 1905 from nine specimens collected from the Mississippi River near Grafton, Illinois, in June 1904 (Forbes and Richardson 1905) .
Known locally as the white sturgeon, they named it Parascaphi rhynchus albus and suggested it be considered as its own genus.
Later classifications, however, placed it in the genus Scaphirhynchus where it has remained (Bailey and Cross 1954) .
Electrophoretic analysis of the two species of Scaphirhynchus have suggested a very close genetic relationship. Phelps and Allendorf (1983) , using electrophoretic techniques, were unable to distinguish the species by looking at 37 enzyme systems.
The authors concluded that the close genetic similarity was due to recent or incomplete reproductive isolation.
General Description :
The pallid sturgeon has a flattened, shovel -shaped snout; long, slender, and completely armored caudal peduncle; and lacks a spiracle (Smith 1979) . As with other sturgeon, the mouth is toothless, protrusible, and ventrally positioned under the snout.
The skeletal structure is primarily cartilaginous (Gilbraith et al . 1988) .
Pallid sturgeon are similar in appearance to the more common, darker, shovelnose sturgeon.
Pflieger (1975) reports the principle features distinguishing the pallid sturgeon from the shovelnose sturgeon are the paucity of dermal ossifications on the belly, 24 or more anal fin rays, 37 or more dorsal fin rays, and inner barbels under the snout that are much shorter than the outer barbels, with the inner barbels less than six times the length of the head. Bailey and Cross (1954) found the ratio of the inner and outer barbels between pallid sturgeon and shovelnose sturgeon provides one of the quickest arc most rel iable means for separation of the Scaphi rhynchus species: the inner oarbel is contained in the outer 1.2-1. 5 times in shovelnose sturgeon and 1.6-2. times in pal 1 id sturgeon. Bailey and Cross (1954) , also found that the inner barbels of pallid sturgeon typically lie ahead of the outer barbels, unlike on shovelnose sturgeon where they are typically in-line.
Furthermore, in pallid sturgeon all the barbels are further back on the lower surface of the snout than in shovelnose sturgeon: the "snout tip to outer barbel/mouth to inner barbel" ratio varies from 2.3 to 3.3 in pallid sturgeon and 1.3 to 2.2 in shovelnose sturgeon (Bailey and Cross 1954) (Figure 1 ). Redrawn from Bailey and Cross (1954) The pallidsturgeonisone of the largest fish found in the drainage, with specimens approaching 39 kilograms (kg) (85 lbs) reported (Gilbraith et al . 1988 ).
Adult pallid sturgeon collected from the upper Missouri River have been noticeably larger than adults collected from the middle Missouri River and Mississippi River.
Of pallid sturgeon collected from the Missouri River in Montana and North Dakota, the maximum weight recorded was approximately 39 kg (85 lbs).
In South Dakota and Nebraska, the maximum weight recorded was approximately 21 kg (46 lbs); and of pallid sturgeon collected from the Mississippi River, the maximum weight recorded was approximately 12 kg (26 lbs).
Historical Distribution and Abundance :
The range of pallid sturgeon as described by Bailey and Cross (1954) encompasses the middle and lower Mississippi River, the Missouri River, and the lower reaches of the Platte, Kansas, and Yellowstone Rivers. Keenlyne (1989) updated Bailey and Cross (1954) .
Keenlyne reported pre-1980 catch records in the Mississippi River from its mouth upstream to its confluence with the Missouri River (1,154 river miles), in the lower 35 miles of the Big Sunflower and St. Francis Rivers (tributaries to the Mississippi); in the Missouri River from its mouth to Fort Benton, Montana (2,065 river miles), in the lower 40 miles on the Kansas River, the lower 21 miles on the Platte River and the lower 200 miles of the Yellowstone River (tributaries to the Missouri).
The total length of its range is approximately 3,550 miles of river ( Figure 2 ). States within this range are Montana, North Dakota, South Dakota, Nebraska, Iowa, Kansas, Missouri, Illinois, Kentucky, Tennessee, Arkansas, Mississippi, and Louisiana, The population status of pallid sturgeon is poorly known, but available information suggests a probable decline since the species was described. Literature references usually state that the species was always uncommon (Forbes and Richardson 1905; Bailey and Cross 1954) . At the time of its original description, pallid sturgeon were reported to comprise 1 in 500 river sturgeons captured in the Mississippi River at Grafton, Illinois (Forbes and Richardson 1905) .
It was also reported that pallid sturgeon were more abundant in the lower Missouri River near West Alton, Missouri, where it comprised one-fifth of the river sturgeons captured (Forbes and Richardson 1905) . Bailey and Cross (1954) provided additional information on the proportions of pallid sturgeon in the total commercial catch of river sturgeons from various parts of the species range as follows:
Kansas River at Lawrence, Kansas (8 percent): Missouri River in South Dakota, 3 of 62 specimens (5 percent); and Mississippi River at New Orleans, 3 of 4 specimens (75 percent). Fisher (1962) recorded 4 of 13 river sturgeons (31 percent) from the Missouri River in Missouri as pallid sturgeon.
Present Distribution and Abundance :
The pallid sturgeon remains one of the rarest fish of the Missouri and Mississippi River Basins. Carlson and Pflieger (1981) stated that the pallid sturgeon was rare, but widely distributed in the Missouri River and the Mississippi River downstream from the mouth of the Missouri. More recent surveys have not provided information to change that estimate of distribution and abundance.
Catch records reported by Keenlyne (1989) and records added to that data current to April 1992 reveal scattered reports of occurrence from throughout the species' historic range.
Reports of most recent and frequent Habitat preferences are not well known for pallid sturgeon.
The most often quoted descriptions of general habitat use by pallid sturgeon are from Gilbraith et al . (1988) , "they require large, turbid, free-flowing riverine habitat with rocky substrate;" and from Forbes and Richardson (1905) , "they are well adapted to life on the bottom and inhabit areas of swifter water than does the related, but smaller shovelnose sturgeon." Schmulbach et al . (1975) and Gilbraith et al . (1988) , report sturgeon appear to favor areas with strong currents in or near the main channel.
Pallid sturgeon collected from the Missouri River above Garrison Reservoir in North Dakota during spring and fall seasons of 1988 to 1991 were found in deep pools at the downstream end of chutes and sandbars, and in the slower currents of near-shore areas (Sandvol , U.S. Fish and Wildlife Service, pers. comm.).
Current Velocity:
Preliminary findings from a study on the Missouri River between Oahe and Big Bend Dams in South Dakota indicate pallid sturgeon most frequently occupy river bottoms where velocity ranges from 10-30 centimeters per second (cps) (Erickson, SD State University, pers. comm.).
Studies on micro-habitat selection of pallid sturgeon in Montana found that pallid sturgeon are most frequently associated with water velocity ranging from 40-90 cps (Clancey, MT Dept, of Fish, Wildlife, and Parks, pers. comm.) . These velocities are commonly found throughout the species' range.
Turbidity:
Pallid sturgeon historically occupied turbid river systems. Turbidity levels where pallid sturgeon have been found in South Dakota range from 31.3 Nephelometric turbidity units (NTU) to 137.6 NTU (Erickson, pers.
comm.).
Secchi disc depths ranged from an average of 3.0 meters on the Missouri River immediately below Oahe Dam to 0.67 meters in a relatively unaltered reach downstream (Erickson, pers. comm.).
Water Depth:
The range of water depths where pallid sturgeon were frequently found in South Dakota are 2-6 meters (Erickson, pers. comm.) .
In Montana, pallid sturgeon selected depths which ranged from 1.2-3. 7 meters in the summer, but selected deeper waters during winter (Clancey, pers. comm.) . During late summer in North Dakota, pallid sturgeon were captured at depths which ranged from 2, 1-7.6 meters (Sandvol, pers. comm.) .
One pallid sturgeon collected on the Yellowstone River in July 1991 was caught at a depth of 1-2 meters (Watson and Stewart 1991) .
Substrate:
Pallid sturgeon are most frequently caught over a sand bottom, which is the most common substrate type within its range.
The one pallid sturgeon collected on the Yellowstone River in July 1991 by Watson and Stewart (1991) was reported to be over a bottom of mainly gravel and rock.
Temperature:
Pallid sturgeon inhabit areas where the water temperatures range from 0°C to 30°C or greater, which is the normal range of water temperature on the Missouri and Mississippi Rivers.
There is no information to indicate temperature preference or the effects of temperature on the species. Curtis (1990) found no relation between surface water temperatures and depth used by shovelnose sturgeon on the Mississippi River and found no indication that shovelnose sturgeon were moving into deeper, cooler water (if available) as water temperature increased.
Life History;
Reproduction; Little to no information exists on pallid sturgeon reproduction, including spawning locations, substrate preference, water temperature, or time of year.
Larval pallid sturgeon have never been recorded in larval fish collections.
Only inferences can be made from what is known or suspected about shovelnose and other sturgeon spawning activities.
Shovelnose sturgeon spawning is suspected to occur over rock, rubble, or gravel bottoms in the main rivers and major tributaries or on wing dams in larger rivers (Christensen 1976; Elser et al . 1977; Moos 1978; Helms 1974) . Shovelnose sturgeon spawning occurs in the unchannelized Missouri River near Vermillion, South Dakota, in late May and continues through June with water temperatures near 18°C to 19°C, Spawning was suspected in the relatively swift water in or near the main channel (Moos 1978) .
Shovelnose sturgeon spawning occurs in the Tongue River, Montana, a Yellowstone River tributary, from early June until mid-July at temperatures of 16.9°C to 21.5°C (Elser et al . 1977 ).
On June 12, 1990, running ripe shovelnose sturgeon males and females were captured from the Tongue River, Montana, at a temperature of 20.5°C (Krentz, U.S. Fish & Wildlife Service, pers. comm.).
Initiation of sturgeon spawning migrations have been associated with seasonal flow differences in rivers (Peterman 1977; Zakharyan 1972 , both cited in Gilbraith et al . 1988 Age to reach sexual maturity and intervals between spawning were estimated for nine pallid sturgeon.
Sexual maturity for males was estimated to be 7 to 9 years, with 2 to 3 year intervals between spawning years.
Females Carlson (1985) determined composition by volume and frequency of occurrence of food categories in the diet of shovelnose sturgeon (n=234), pallid sturgeon (n=9) and presumed hybrids (n=9). Aquatic invertebrates (principally the immature stages of insects) comprised most of the diet of shovelnose sturgeon, with pallid sturgeon and presumed hybrids consuming a greater proportion of fish (mostly cyprinids).
Other researchers also reported a higher incidence of fish in the diet of pallid sturgeon than in the diet of shovelnose sturgeon (Cross 1967; Held 1969) .
Age and Growth:
Like other life history variables, little to nothing is known about age and growth of pallid sturgeon.
The length of pallid sturgeon was significantly greater than that of shovelnose sturgeon for each age group in which comparable data was available on the lower Missouri and Mississippi Rivers (Carlson et al . 1985) .
Pallid sturgeon are long-lived fish, achieving ages of more than 40 years (Jenkins, pers, comm,) .
Reasons for Peel ine :
Habitat Loss:
The primary reason for decline of the pallid sturgeon is believed to be the extensive modifications of the riverine habitats in the Missouri River and to a lesser extent the Mississippi River.
On the Missouri River, approximately 51 percent of riverine habitat has been channelized, 28 percent impounded, and the remaining 21 percent affected by upstream impoundments and altered flow regimes.
The Missouri River downstream from Sioux City, Iowa, has been channelized and stabilized for its entire length.
This has resulted in reduced water surface area, channel length, and habitat diversity.
This reach was once characterized by islands, chutes, and backwater areas.
The river is now confined within a narrow channel of rather uniform width and swift current (Funk and Robinson 1974) .
Six massive earthen dams on the Missouri River are believed to have adversely affected pallid sturgeon by blocking movement to spawning and/or feeding areas, destroying spawning and nursery areas, reducing habitat diversity, altering conditions or flows at potential remaining spawning areas, reducing food sources or the ability to obtain food, or altering remaining substrates and conditions necessary for survival.
The remaining riverine habitat between the main stem Missouri River dams has been changed due to channel degradation, channel confinement, bank stabilization, flow modification, reduced turbidity, and hypolimnetic releases.
These habitat alterations are believed to have caused adverse effects on reproduction, growth, and survival of indigenous species, such as the pallid sturgeon.
The Mississippi River within the pallid sturgeon's range has been modified by wing dams, dikes, and bank reventments which have constricted and deepened the channel.
These changes have caused the fish fauna composition to change.
In the lower channelized river, pelagic planktivores and sight-feeding carnivores have increased in abundance, while species specialized for life in the turbid. Historically, pallid, shovelnose, and lake sturgeon were commercially harvested on the Missouri and Mississippi Rivers (Helms 1974) . The larger lake and pallid sturgeon were sought for their eggs to be sold as caviar while shovelnose sturgeon were destroyed as a bycatch.
Commercial harvest of all sturgeon has declined substantially since record keeping began in the late 1800s.
Early harvest records did not distinguish between pallid and shovelnose sturgeon.
Combined harvests as high as 195,450 kg were recorded in the Mississippi River in the early 1890s, but had declined to less than 9,100 kg by 1950 (Carlander 1954) .
Lower harvests reflected a decline in shovelnose sturgeon abundance since the early 1900s (Pflieger 1975) . The reasons for this probably include over-fishing.
The states of North Dakota, South Dakota, and Louisiana have recently closed the seasons on both sport and commercial harvest of all sturgeon.
However, sturgeon continue to be taken as a bycatch of commercial fishing operations in other states.
Pollution:
Although more information is needed, pollution is a likely threat to the species over much of its range.
Various fish-harvest and consumption advisories exist or have existed as a result of manmade pollution from near Kansas City, Missouri, to the mouth of the Mississippi River, which represents about 45 percent of the pallid sturgeon's range.
As a bottom feeder, one would expect it to be exposed to various pollutants, if present.
Polychlorinated biphenyls (PCBs), DDE, cadmium, mercury, and selenium have been detected at elevated concentrations in tissues of three pallid sturgeon from the Missouri River of North Dakota and Nebraska (Ruelle and Keenlyne
1991).
High concentrations of PCBs and detectable concentrations of chlordane, DDE, DDT, and dieldrin were found in the ovary of a pallid sturgeon collected near Auburn, Nebraska (Welsh 1992) .
Further investigations are needed to identify sources of contaminants in the Missouri and Mississippi River system and to assess the role of contaminants in the decline of pallid sturgeon populations.
Hybridization:
Carlson et al . (1985) found that hybridization had occurred between the pallid sturgeon and the shovelnose sturgeon in the Missouri and middle Mississippi Rivers where 12 hybrids and 11 pallid sturgeon were identified in the total study catch of 4,332 sturgeon.
Hybrids have recently been identified in commercial fishermen catches on the lower Missouri and the middle and lower Mississippi Rivers (Graham, pers. comm.; Reed, Louisiana Dept, of Wildlife and Fisheries, pers. comm.). Bailey and Cross (1954) did not report hybrids, which may indicate that hybridization is a recent phenomenon resulting from environmental changes caused by man-induced reductions in habitat diversity and measurable changes in environmental variables such as turbidity, flow regimes, and substrate types (Carlson et al 1985) .
Hybridization threatens the survival of pallid sturgeon through genetic swamping and through competition for a limited habitat.
F-^sential Habitat and Recovery-Priority Management Areas
As previously described, the pallid sturgeon evolved in a riverine environment of diverse morphology, hydrology, and chemistry, and is believed to have moved freely throughout its historic range in order to meet life requisite needs. Also, any actions conducted within a riverine system affects both upstream and downstream habitats.
Therefore, nothing short of the pallid sturgeon's known historic range (Figure 2 ) still provides essential habitat for survival and recovery of the species.
However, because it would be impractical to initially implement recovery tasks throughout the pallid sturgeon's historic range, five recovery-priority management areas are identified ( Figure 3 ) and will receive priority for implementation of recovery tasks.
They are: Five or more pallid sturgeon have been recorded from each of the recoverypriority management areas since 1980. While there has been no evidence of pallid sturgeon recruitment within any of these areas, reproduction and recruitment of shovelnose sturgeon is occurring within each of these areas. Although genetic relationships are currently unknown, it is speculated that different genetic stocks of pallid sturgeon occur in various river areas. These areas are 1) the Missouri River from the mouth of the Marias River in Montana to Gavin's Point 0am in South Dakota, 2) The Missouri River form Gavin's Point Dam to the Mississippi River and then the Mississippi River to the mouth of the Arkansas River in Arkansas, and 3) the mississippi River from the mouth of the Arkansas River to the Gulf of Mexico and including the Atchafalaya River.
Recovery Objectives
Part II RECOVERY Short-term:
The short-term recovery objective for the pallid sturgeon is to prevent extirpation of populations presently occurring in the wild within the next 5 years (1997).
The short-term objective will be achieved by: 1) protecting individuals of the species from take, and 2) protecting habitats essential to all life stages.
Concurrent with measures taken to protect the species and its habitat, actions will be undertaken to: 3) develop a broodstock and produce progeny representing wild populations for future reintroduction to the wild.
The short-term objective will be reached when catch-per-uni t-ef fort (CPUE) remains stable or increases from existing population levels and broodstock refugia are being established at three facilities.
These criteria will be further defined as existing population levels are determined at population index sampling stations.
Downli sting Criteria:
The long-term recovery objective for the pallid sturgeon is to achieve naturally reproducing, self-sustaining populations within each recovery-priority management areas on the Missouri River from the mouth of the Marias River to the headwaters of Fort Peck Reservoir; from Fort Peck Dam to the headwaters of Lake Sakakawea including the Yellowstone River from its mouth to the confluence with the Tongue River; from Gavins Point Dam to the Mississippi River, and on the Mississippi River from the confluence of the Missouri River to the Gulf of Mexico including the upper reach of the Atchafalaya River, by 2040.
A self-sustaining population will have naturally reproduced offspring which reach sexual maturity and reproduce.
An intermediate goal will be to achieve a population structure (young-of-year, juveniles, adults) with at least 10 percent sexually mature females occurring within each recovery-priority management area, by 2025.
The above criteria are preliminary.
After better identification of population status and evaluation of the habitat's ability to support self-sustaining populations, more specific, achievable, quantifiable objectives for downlisting and/or delisting will be determined. Reduce or eliminate potential and documented threats from past, present, and proposed developments initially within recovery-priority areas.
1.1.1.
Require Federal agencies to conduct Section 7 consultations on all Federal actions.
1.1.2.
Screen or position water intakes and diversions to reduce entrapment and impingement.
1.1.3.
Provide means for pallid sturgeon to bypass migration restrictions.
1.1.4.
Identify and clean up sources of problem contaminants.
1.1.5.
Control hybridization.
1.2.
Restore altered habitats initially within recovery-priority areas.
1.2.1.
Operate Missouri River main stem dams to simulate the natural processes of historic flow patterns and sedimentation.
1.2.2.
Restore the diversity (backwater, sidechannel and braidedchannel) of riverine habitats.
1.3.
Increase public awareness of the laws and needs for protecting all sturgeon species.
1.3.1.
Develop and distribute information and education materials on the plight of all sturgeon, emphasizing the pallid sturgeon.
1.3.2.
Provide cultured pallid sturgeon to aquariums and comparable facilities where they can be viewed by the public.
1.4.
Develop new laws and regulations and encourage enforcement of existing laws and regulations.
1.4.1.
Work with states within the pallid sturgeon's range to temporarily close sport and corrmercial fishing seasons on all sturgeon species.
1.4.2.
Provide legal protection to habitats important to the conservation and recovery of pallid sturgeon.
1.4.3.
Work with states to control introductions of non-indigenous species within the range of the pallid sturgeon, unless prior studies show no predation/competition concerns. Collect pallid sturgeon broodstock from the wild and maintain refugia at three locations.
2.1.2.
Provide financial support to hatcheries for structural modifications needed to propagate and hold pallid sturgeon broodstock.
2.1.3.
Obtain sperm from wild pallid sturgeon males for storage in a sperm bank.
2.1.4.
Determine guidelines for collecting, handling, and transporting of pallid sturgeon broodstock.
2.1.5.
Develop a pallid sturgeon propagation plan, which details the approach to successfully maintaining broodstock and producing progeny for future stocking.
2.2.
Reintroduce pallid sturgeon and/or augment existing populations.
2.2.1.
Develop a Pallid Sturgeon Stocking Plan, which details the policy and approach to successfully utilize hatchery stock for recovery of wild populations.
2.2.2.
Conduct reintroduction/augmentation programs 3.
CONDUCT RESEARCH NECESSARY FOR LONG-TERM RECOVERY OF THE PALI ID STURGEON 3.1.
Obtain information on life history of the pallid sturgeon.
3.1.1.
Conduct field investigations to determine age distribution, age and growth characteristics, and growth rates.
3.1.2.
Conduct field investigations to describe food habits and feeding behavior.
3.1.3.
Obtainan artist's descriptive key of developing larvae and early juveniles of pallid sturgeon, shovelnose sturgeon, and shovelnose X pallid hybrids.
3.2.
Obtain information on important habitat requirements of the pallid sturgeon.
3.2.1.
Conduct field investigations to describe the micro-and macrohabitat components of spawning, feeding, staging, and rearing areas 3.2.2.
Map areas providing important habitat requirements.
3.3.
Obtain information on genetic makeup of hatchery-reared and wild Scaphirhynchus stocks.
3.3.1.
Determine the degree of genetic divergence between Scaphirhynchus species within the range of the pallid sturgeon.
3.3.2.
Identify genetically meaningful management units (stocks) of the pal 1 id sturgeon.
3.3.3.
Determine the extent and management implications of hybridization between Scaphirhynchus species.
3.4.
Obtain information on population status and trends.
3.4.1.
Establish sampling stations and monitor population status.
3.4.2.
Conduct a Population Viability Analysis to determine appropriate recovery numbers.
3.5.
Obtain information on chemical contamination of pallid sturgeon and their habitat.
3.5.1.
Determine concentrations of organic and inorganic contaminants in pallid sturgeon, shovelnose sturgeon, and sediments.
3.5.2.
Determine effects of contaminants identified in sturgeon.
3.6.
Obtain information on biological threats.
3.6.1.
Determine causes of hybridization.
3.6.2.
Determine the extent of parasitism and disease problems, and the degree of predation and competition from introduced fish.
3.7.
Obtain information on culture techniques, rearing requirements, and stocking to maximize survival of pallid sturgeon broodstock and progeny. Reduce or eliminate potential and documented threats from past, present, and proposed developments initially within recovery-priority areas.
Section 7 of the Endangered Species Act will play a major role in the protection and recovery of the pallid sturgeon.
Federal agencies must immediately consult with the U. S. Fish and Wildlife Service to ensure that actions they authorize, fund, implement, or permit are not likely to jeopardize the continued existence of the pallid sturgeon. Recommendations will be made by the Service to preclude jeopardy, and to conserve and recover the species.
1.1.2.
• Point-source water intakes serving industry, irrigation, and public water supply must be screened with a 1/4" (6.35 mm) mesh and have an intake velocity of less than 1/2 feet per second (15.24 cm/sec), or be placed at water depths greater than 15 feet (4.575 m) to protect against entrapment or impingement of pallid sturgeon larvae and fingerlings.
Large water diversions, such as the U.S. Bureau of Reclamation irrigation diversion at Intake, Montana, must be grated to prevent movement of adult pallid sturgeon into diversion canals. The Corps of Engineers, Bureau of Reclamation, Western Area Power Administration, and other appropriate Federal or State agencies will undertake review of all water intakes and diversions under their jurisdiction to regularly inspect screening to ensure its effectiveness in preventing such loss of young and adult pallid sturgeon.
1.1.3.
Provide means for pallid sturgeon to bypass migration restrictions • Main stem dams on the Missouri River and low-head diversion dams on tributaries prevent pallid sturgeon from migrating to and from traditional spawning areas and other important seasonal habitats.
Structural facilities are needed at Ft. Peck Dam, an Army Corps of Engineers' dam, on the Missouri River and at the low-head diversion dam, a Bureau of Reclamation dam, on the Yellowstone River to allow free movement of pallid sturgeon adults within these recoverypriority areas.
Efforts will also be undertaken to identify other locations where such structures may be needed.
Population Viability Analysis studies proposed in Task 3.4.2 (Conduct a Population Viability Analysis to determine appropriate recovery numbers) will clarify the necessity of this Task.
1.1.4.
After contaminants affecting pallid sturgeon recovery are determined through Tasks 3.6.1 (Determine concentrations of organic and inorganic contaminants in pallid sturgeon, shovelnose sturgeon, and sediments) and 3.5.2 (Determine effects of contaminants identified in sturgeon), the source of problem contaminants must be identified and removed, if possible.
Naturally occurring contaminants may be impossible to eliminate.
Clean up of contaminants polluting the Missouri and Mississippi Rivers will not only help to recover the pallid sturgeon, but will also help to reduce the human health risk associated with polluted water supplies and fish consumption. These actions will be coordinated with the Environmental Protection Agency and with other Federal and State agencies responsible for control or remediation of contamination.
Control hybridization.
After Task 3.3.3. is conducted to determine the extent of hybridization and Task 3.6.1. is conducted to determine the causes, actions are necessary to control its occurrence. Although recognized as being extremely important, this will be a difficult task to accomplish.
1.2.
1.2.1.
Pallid sturgeon evolved Within large rivers exhibiting seasonal patterns of high and low flows, which historically were much different than today's flow patterns regulated by main stem dams on the Missouri River.
An agreement must be developed with the Army Corps of Engineers to operate main stem dams to simulate the natural processes of historic flow patterns and sedimentation.
The Army Corps of Engineers is in the process of determining historic flow patterns and how main stem dams could be operated to simulate historic processes.
1.2.2.
Pallid sturgeon evolved in a diverse river habitat of numerous sandbars, sidechannel s, and backwater areas. Main stem dams have inundated 28 percent of the Missouri River, and bank modifications (riprap, wing dikes, jetties, etc.) have channelized 51 percent of the Missouri River and 100 percent of the Mississippi River within the species' range.
The Per.efits of habitat diversity must be restored initially within recovery-priority areas to meet the needs of all life stages of pallid sturgeon.
Other flora and fauna endemic to the Missouri and Mississippi Rivers, and showing signs of population decline, will benefit by restoration of the "big-river" ecosystem.
1.3,
Increase public awareness of the laws and needs for protecting all sturgeon species, 1.3.1, Develop and distribute information and education materials on the plight of the pallid sturgeon.
In order for pallid sturgeon recovery to be successful, an informational and educational program must be developed to inform the public of: (1) the cause for decline of all sturgeon species, (2) the importance of preserving the pallid sturgeon and the Missouri and Mississippi River ecosystems upon which they depend, and (3) to increase the public's participation in sturgeon recovery efforts.
Educational materials such as brochures, newspaper and magazine articles, publications, poster displays, slide and television presentations, etc. specific to the pallid sturgeon and the effects of human alteration of the Missouri/Mississippi River ecosystem must be produced and disseminated to target audiences, which include sport and commercial fishermen.
1.3.2.
Pallid sturgeon that are reared at hatcheries and not needed for broodstock, reintroduction, research, etc. should be presented to aquariums or similar facilities where they can be viewed by the public.
1.4.
1.4.1.
Work with states within the pallid sturgeon's range to temporarily close sport and commercial fishing seasons on all sturgeon species. Some loss of pallid sturgeon is occurring incidental to commercial fishing for shovelnose sturgeon.
The States of North Dakota, South Dakota, and Louisiana have established regulations to close the fishing seasons on all sturgeon in order to protect against incidental killing of pallid sturgeon. Similar regulations are needed in the range of the pallid sturgeon in Mississippi, Arkansas, Tennessee, Kentucky, Missouri, Illinois, Kansas, Iowa, Nebraska, and Montana.
The seasons allowing take of any sturgeon from Missouri River and Mississippi River waters should be closed within the next 3 years and remain closed until sport and commercial fishing activities and techniques are evaluated to determine the extent of their effect upon pallid sturgeon populations.
1.4.2.
River reaches providing important life requisites, identified through Task 3.2.2. (Map areas providing important habitat requirements) must be protected by State or Federal laws.
This could include protection of water rights, through acquisition or formal agreements, to ensure that instream flows within important habitats are legally protected. Land acquisition or conservation easements may also be needed to help protect and restore the diversity of riverine habitats described undert Task 1.2.2.
1.4.3.
Work with states to control introductions of non-indigenous species within the range of the pallid sturgeon, unless prior studies show no predation/competition concerns.
Introductions of non-indigenous species must not occur within the range of the pallid sturgeon until effects upon the intraand interspecific competition, and upon the related biological and ecological interactions within the aquatic community of the pallid sturgeon, are determined.
This will require coordination with both state and Federal fishery programs.
1.4.4.
Include the pallid sturgeon in Appendix I to the Convention on International Trade in Endangered Species of Wildlife Fauna and Flora (CITES).
The pallid sturgeon is considered a fine eating fish although its greatest value on the commercial market comes from its roe, which is suitable for caviar.
The pallid sturgeon must be included in Appendix I to CITES as soon as possible, to further regulate foreign trade and impose additional penalties for illegal activities.
1.4.5.
Enforce laws and regulations.
Federal and State agencies must pursue adequate funding levels must be provided to enforce new protection measures and laws identified above.
Federal and state wildlife law enforcement programs are understaffed and underbudgeted to meet the increased effort necessary to adequately enforce laws protecting the pallid sturgeon.
? DEVELOP Parental stocks and offspring from the three management units will be isolated unless genetic analysis, through implementation of Task 3.3.2., (Identify genetically meaningful management units of the pallid sturgeon and the shovelnose sturgeon), shows range-wide genetic homozygosity.
2.1.2.
Prior to long-term holding of pallid sturgeon broodstock and implementation of a long-term propagation program, structural improvements are needed at Blind Pony State Hatchery, Gavin's Point NFH and potentially at other hatcheries that participate in the program.
2.1.3.
Dbtain sperm from wild pallid sturgeon males for storage in a sperm bank.
• Removing sexually active males from the wild and moving them to hatcheries may not always be the best alternative depending upon the circumstances of capture location and time of year. Also, females may be ready to spawn when males are not available.
Preservation of sperm taken from wild fish will allow return of the males to the wild and fertilization of eggs in the hatchery whenever a ripe female becomes available.
The techniques for sperm storage must be developed using shovelnose sturgeon as a surrogate species.
2.1.4.
Standardized protocols, designed to give pallid sturgeon the greatest protection possible, are needed for all activities associated with collecting, handling, and transporting of pallid sturgeon broodstock.
Proper handling protocols must be developed and distributed to Service and state agencies potentially handling pallid sturgeon.
Interim protocols have been developed by the Service; however, as new information becomes available through continued efforts, recommendations will be assessed, refined, and incorporated in collecting, handling, and transporting activities as necessary to minimize mortality.
The "Hatchery Manual for White Sturgeon" by Conte et al . (1988) is incorporated into the protocols when appropriate.
2.1.5.
Develop a Pallid Sturgeon Propagation Plan, which details the approach to successfully maintaining broodstock and producing progeny for future stocking.
An interim Pallid Sturgeon Propagation Plan must be developed to be followed by each propagation facility in order to successfully coordinate accomplishment of propagation objectives for recovery. This Plan would be followed by each facility.
It describes Service policy on broodstock development: fish production and production-related research priorities; broodstock and progeny; genetic makeup: broodstock capture locations; and protocol for spawning, holding, and rearing.
Refinements to the Plan will be made as information is obtained by implementing tasks within Strategy 3.7. (Obtain information on culture techniques, rearing requirements, and stocking to maximize survival of pallid sturgeon broodstock and progeny) and Strategy 3.3. (Obtain information on genetic makeup of hatchery reared and wild Scaphi rhynchus stocks).
2.2.
2.2.1.
A Pallid Sturgeon Stocking Plan must be developed before pallid sturgeon progeny are stocked into the wild.
This Plan would describe Service policy on stocking objectives, justifications. and conditions under which stocking would occur.
It would also include stocking rates and sites to maintain or restore genetic makeup of wild stocks, and will include recomrendations on a release size, time, and rate that promotes good post-stocking survival.
Information learned from stocking programs for other sturgeon and Colorado River rare fish work, will be used in development of this Plan, Refinements to the Plan will be made as information is obtained through implementation of Tasks under Strategy 3.2, (Obtain information on important habitat requirements of the pallid sturgeon). Strategy 3.3. (Obtain information on genetic makeup of hatchery-reared and wild Scaphirhynchus stocks). Strategy 3.4. (Obtain information on population status and trends) and Strategy 3.7 (Obtain information on culture techniques, rearing requirements, and stocking to maximize survival of pallid sturgeon broodstock and progeny.
This Plan will be developed in coordination with states.
2.2,2
Conduct reintroduction/augmentation programs Stocking of pallid sturgeon for reintroduction or for augmentation of existing populations will be done in accordance with the Pallid Sturgeon Stocking Plan described above.
Monitoring of the restocked fish will be needed to determine the success of the reintroduction or augmentation effort.
3.
CONDUCT RESEARCH NECESSARY FOR LONG-TERM RECOVERY OF THE PALLID STURGEON
3.1.
Obtain information on life history of the pallid sturgeon, 3.1.1.
Investigations are needed rangewide on species longevity, age and size at sexual maturity, growth rates, and age structure within wild populations. Reliable, non-lethal aging techniques need to be developed.
Age and growth information must be recorded from captive, reintroduced, and wild fish to ensure accurate estimates of age.
Parties presently holding pallid sturgeon will assist in obtaining this information.
3.1.2.
Little is known about the food habits or feeding behavior of pallid sturgeon.
Further investigations are needed so management recommendations can be made.
It is believed that reductions in Missouri River turbidity may have affected food availability by changing prey species composition and by making it more difficult for pallid sturgeon to capture prey in the clearer water environment.
Increased velocity in the channelized river reaches might also make it harder to forage.
3.1.3.
Obtain an artist's descriptive key of developing larvae and early juveniles of pallid sturgeon, shovelnose sturgeon, and shovelnose X pallid hybrids.
Much of the pallid sturgeon's range overlaps the range of other sturgeon.
Research to document successful reproduction and determine abundance, distribution, and ecology of pallid sturgeon early life stages depends on accurate identification of collected larvae, and early juveniles. An artist's descriptive key of a development series for hatchery-reared pallid sturgeon, shovelnose sturgeon and shovel nose/pal 1 id hybrid larvae, which will document their morphological development and reveal diagnostic characters is needed for identification of field-collected specimens.
(An artist's descriptive key has been prepared for lake sturgeon.)
3.2.
3.2.1.
Conduct field investigations to describe the micro-and macrohabitat components of spawning, feeding, staging, and rearing areas Investigation is needed to describe the micro-and macrohabitat characteristics critical for maintenance and recovery of the pallid sturgeon.
Telemetry, sonic, or other techniques for tracking pallid sturgeon should be initially conducted within recovery-priority areas so that information on microand macro-habitat characteristics for all life stages can be obtained.
Micro-and macro-habitat characterizations should be made from collection of data on bottom substrate, water depth, velocity, temperature, turbidity, etc.
3.2.2.
Mapping of important habitats will support priori tization of areas for implementation of protection measures in Strategy 1.1 (Reduce or eliminate potential and documented threats from past, present, and proposed developments initially within recovery-priority areas) and implementation of management recommendations under Strategy 1.2. (Restore altered habitats within priority recovery areas).
3.3.
Obtain information on genetic makeup of hatchery-reared and wild Scaphi rhynchus stocks.
3.3.1.
Determine the degree of genetic divergence between Scaphi rhynchus species within the range of the pallid sturgeon.
Genetic analysis of Scaphi rhynchus species within the range of the pallid sturgeon is necessary to determine genetic divergence for management purposes.
Pallid sturgeon and shovelnose sturgeon have been distinguished based upon morphometric and meristic characteristics and character ratios (Bailey and Cross 1954; Williams and Clemmer 1991) . Hybridization between the pallid sturgeon and the shovelnose has been proposed based upon these same characteristics. Phelps and Allendorf (1983) were unable to distinguish the species el ectrophoretical ly by looking at 37 enzyme systems. Further genetics studies are needed using state-of-the-art analysis techniques such as, mitochondrial DNA (mtDNA), nuclear DNA, and electrophoresis methods. Hatchery-reared pallid sturgeon, shovelnose sturgeon and pallid X shovelnose sturgeon would be used in an analysis.
Nonlethal means to obtaining genetic analysis material must be utilized on wild pallid sturgeon.
Federal and State agencies involved in collecting, handling, or holding pallid sturgoen will assist in obtaining this information.
3.3.2.
Identify genetically meaningful management units (stocks) of the pallid sturgeon.
Research is needed to determine whether or not significant genetic differences exist among pallid sturgeon from throughout the species' range.
Determining whether genetic differences exist among populations is essential to ensure successful management and recovery of the species.
Genetically meaningful management units would be identified so that reintroduction and/or population augmentation is properly implemented.
Initially, wild populations of the pallid sturgeon are believed to be represented by three management units as described in Task 2.1.1. (Collect pallid sturgeon broodstock from the wild and maintain refugia at three locations).
3.3.3.
Determine the extent and management implications of hybridization between Scaphi rhynchus species.
Genetic analysis of hybrids is needed to determine if hybridization has resulted in introgression and loss of genetic integrity of pallid sturgeon.
The hybrids collected to date exhibit an unbalanced sex ratio with a preponderance of females.
Possibly "hybrid breakdown" occurs in back crosses resulting in no loss of genetic integrity for pallid sturgeon. Hatchery-reared hybrids (F,'s, Fj's, and back crosses) must be produced to determine genetic and physical cha^'acte^'i sties sex ratios, and fertility for comparison to wild-caught, presumed hybrids.
3.4.
Systematic monitoring of pallid sturgeon populations, initially in recovery-priority areas, will be an essential element in measuring response to recovery tasks under Strategy 1,1. (Reduce or eliminate potential and documented threats from past, present, and proposed developments initially within recovery-priority areas). Strategy 1.2. (Restore altered habitats initially within recovery-priori ty areas). Strategy 1.3. (Increase public awareness of the laws and needs for protecting all sturgeon species). Strategy 1.4 (Develop new laws and regulations and encourage enforcement of existing laws and regulations), and Strategy 2.2. (Reintroduce pallid sturgeon and/or augment existing populations). Population index stations must be established as soon as possible, and monitored annually until the population stabilizes, then every 3 years thereafter to monitor population trends. All stocked pallid sturgeon must be marked for future re-identification.
3.4.2.
A Population Viability Analysis (PVA) must be conducted to further quantify population levels for recovery goals. A PVA will be useful in determining the level at which the population can be considered self-sustaining and at which recommendations can be made to downlist or delist the pallid sturgeon.
Criteria addressing minimum viable population size and demography must be determined to ensure that the populations can persist through natural reproduction. Monitoring activities will be designed and results evaluated to define when pallid sturgeon populations are self-sustaining. Populations may be defined as genetically meaningful management units as determined by Task 3.3.2. (Identify genetically meaningful management units (stocks) of the pallid sturgeon), if appropriate.
3.5.
Conduct studies to determine problem environmental contaminants in pallid sturgeon and their habitat rangewide, but with c emphasis on priority recovery areas.
Shovelnose sturgeon should be used as a surrogate species for contaminant analysis unless non-lethal means of obtaining analysis material are determined.
Contaminant analyses must be conducted on all pallid sturgeon mortalities, especially reproductive tissues where contaminants are known to accumulate.
3.5.2.
Studies are needed to determine the effects of "problem" contaminants upon pallid sturgeon survival, growth, and reproduction.
Acting as a surrogate, shovelnose sturgeon progeny and adults should be exposed to the contaminants determined to be at elevated levels by results of Task 3.5.1.
(above).
The cleanup of contaminant sources (Task 1.1.4.) will be prioritized based upon their threat to pallid sturgeon recovery.
3.6.
3.6.1, Determine causes of hybridization.
The factors which facilitate hybridization must be determined so management recommendations under Task 1.1.5. (Control hybridization) can be identified and implemented.
This will be a difficult task to accomplish.
3.6.2.
Determine the extent of parasitism and disease problems, and the degree of competition and predation by introduced fishes.
Although ongoing investigations have not indicated that disease or parasitism presently pose a threat to the pallid sturgeon, wild populations should be monitored to determine if a problem exists or develops.
Any future introductions of non-native sturgeon species, and possibly other introduced fishes, may potentially cause competition with or predation upon the pallid sturgeon, however little evidence is available to identify the degree of occurrence of such competition or predation. Additional studies to obtain this information are needed.
3,7.
Obtain information on culture techniques, rearing requirements, and stocking to maximize survival of pallid sturgeon broodstock and progeny 3.7.1.
Develop techniques for collection of gametes.
• A procedure for collection of gametes, especially eggs, which will not harm adult pallid sturgeon, must be determined before a ful 1 -production propagation program is implemented. Conte et al . (1988) determined procedures for spawning white sturgeon and other Acipenseridae.
These techniques and others serve as a guide and are to be tested on shovelnose sturgeon before they are widely used on pallid sturgeon.
3.7.2.
Conduct rearing trials to maximize survival of broodstock and progeny.
Pallid sturgeon were first raised in a hatchery in 1992. Adults have only been held for a little longer than 1 year. Rearing trials are necessary to determine the feeds, densities, water temperatures and holding conditions needed to maximize survival of broodstock and progeny.
To maximize survival of pallid sturgeon, shovelnose sturgeon are to be used as a surrogate in trials unless surplus pallid sturgeon progeny are available.
3.7.3.
Determine a stocking protocol that promotes good post-stocking survival The optimum size to enhance survival at time of stocking must be determined.
The number of pallid sturgeon to be stocked by area, the duration of stocking, and potential predation-prey relationships must also be determined to provide a reasonable expectation of success.
The success of reintroduced and augmented populations will be monitored through implementation of Task 3.4.1., (Establish sampling stations to monitor population status). Ccxminicate with sturgeon researchers and managers. All recovery managers and researchers are strongly encouraged to publish existing 'gray' literature and research findings in technical publications intended for broad distribution. Financial support will be necessary to pay for publishing costs.
Unpublished reports, lists of pertinent literature, and summaries of pallid sturgeon population data have been compiled over the years and should be published.
4.2.
Implement the Pallid Sturgeon Recovery Plan.
4.2.1.
Establish and fund a full-time position as pallid sturgeon recovery implementation coordinator.
• Achievement of pallid sturgeon recovery goals through cooperation of all 13 states, three Service Regions, numerous Federal agencies and planning committees will require the leadership and full-time commitment of a Service fishery biologist assigned solely to that responsibility.
The recovery coordinator would establish and lead a multi-disciplinary recovery implementation committee.
4.2.2.
Develop a long-term strategy for funding sturgeon recovery activities.
Funding in the amount of approximately $11.3 million over the next 5 years is determined necessary for meeting the short-term recovery objective of preventing species extirpation from the wild.
Cost for full recovery is not fully determinable, but estimated to be at least $29.7 million.
Existing budgets of participating and responsible parties are not capable of fully funding recovery tasks.
Strategies for funding, such as through Congressional appropriation, water-use fees. Federal mitigation programs, or establishing trust accounts, must be determi ned.
C Missouri River and effects on fish and wildlife. The Implementation Schedule (Part III) indicates task priorities, task numbers, task descriptions, duration of tasks, potential or participating parties, and lastly, estimated costs. These tasks, when accomplished, will bring about the recovery objectives for the pallid sturgeon as discussed in Part II of this Plan.
Parties with authority, responsibility, or expressed interest to implement a specific recovery task are identified in the Implementation Schedule. When more than one party has been identified, the proposed lead party is in bold print.
The listing of a party in the Implementation Schedule does not imply a requirement or that prior approval has been given by that party to participate or expend any funds.
However, parties willing to participate will benefit by being able to show in their own budget submittals that their funding request is for a recovery task which has been identified in an approved recovery plan and is therefore part of the overall coordinated recovery effort to recover the pallid sturgeon.
Also, Section 7(a)(1) of the Endangered Species Act directs all Federal agencies to utilize their authorities in furtherance of the purposes of the Act by carrying out programs for the conservation of threatened and endangered species.
Following are definitions to column headings and keys to abbreviations and acronyms used in the Implementation Schedule:
All priority 1 tasks are listed first, followed by priority 2 and priority 3 tasks.
Priority 1 -All actions that must be taken to prevent extinction or to prevent the species from declining irreversibly in the foreseeable future.
Priority 2 -All actions that must be taken to prevent a significant decline in species population/habitat quality, or some other significant negative impact short of extinction.
Priority 3 -All other actions necessary to provide for full recovery (or reclassification) of the species.
Recovery tasks as numbered in the recovery outline. Refer to the Narrative for task descriptions.
Task Duration :
Years to complete the corresponding task. Study designs can incorporate more than one task, which when combined can reduce the time needed for task completion.
Underway -Task already being implemented. The costs associated with a task or party represent the estimated dollar amount to complete the task and is not necessarily the fiscal responsibility of the associated party.
Study designs can incorporate more than one task, wTiich when combined can reduce the cost from when tasks are conducted separately.
Cost for implementing "continuing" recovery tasks are in excess of what is displayed through FY-95.
Total costs for recovery do not reflect financial needs associated with implementing many of the tasks identified under work area number 1 (protect pallid sturgeon populations, individuals, and their habitat), which costs are undeterminable at this time. 
2.1.2
Provide financial sipport to hatcheries for structural modifications needed to propagate and hold pallid sturgeon broodstock. 
